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ABSTRACT
We have carried out extensive radio and optical follow-up of 176 sources from the
15GHz 9th Cambridge survey. Optical identifications have been found for 155 of the
radio sources; optical images are given with radio maps overlaid. The continuum radio
spectrum of each source spanning the frequency range 1.4 - 43GHz is also given.
Two flux-limited samples are defined, one containing 124 sources complete to
25mJy and one of 70 sources complete to 60mJy. Between one fifth and one quarter
of sources from these flux-limited samples display convex radio spectra, rising between
1.4 and 4.8GHz. These rising-spectrum sources make up a much larger fraction of
the radio source population at this high selection frequency than in lower frequency
surveys.
We find that by using non-simultaneous survey flux density measurements at 1.4
and 15GHz to remove steep spectrum objects, the efficiency of selecting objects with
spectra rising between 1.4 and 4.8GHz (as seen in simultaneous measurements) can
be raised to 49 percent without compromising the completeness of the rising spectrum
sample.
Key words: galaxies:active – radio continuum: general – surveys
1 INTRODUCTION
In this paper we present the results of our follow-up work
on the 9th Cambridge survey (9C hereafter). The 9C sur-
vey was carried out at 15GHz with the Ryle Telescope (RT
see Jones 1991), primarily motivated by the need to iden-
tify foreground sources in the fields surveyed by the Cam-
bridge/Jodrell/Tenerife cosmic microwave background ex-
periment, the Very Small Array (VSA, e.g. Watson et al.
2003). A rastering technique was used to scan the fields with
each possible detection being followed up with pointed ob-
servations to confirm its existence and measure its flux den-
sity or to rule it out: see Waldram et al. (2003) for a full
description of 9C. The survey fields were chosen to contain
few very bright radio sources, but otherwise should be rep-
resentative of the radio sky in general. 15GHz is the highest
radio frequency at which an extensive survey has been car-
ried out, so 9C provides new insights into the properties of
the radio source population.
⋆ E-mail:r.bolton@mrao.cam.ac.uk (RCB)
Current models of radio source growth that consider the
effects of self absorption on the synchrotron emission from
young sources indicate that very young radio sources (tens to
hundreds of years old) should have radio spectra which peak
between about one gigahertz and a few tens of gigahertz
(O’Dea 1998; Snellen et al. 2000), with younger sources hav-
ing spectra peaking at higher frequencies than older sources.
Any radio survey is biased toward the selection of sources
with spectra peaking close to the selection frequency, hence
9C should provide a means of generating samples rich in
sources peaking at close to 15GHz and thereby testing the
models of source growth in very young sources.
We have selected 176 sources from the 9C survey (155 of
which are from complete flux-limited samples) and carried
out multi-frequency simultaneous radio observations to ob-
tain the continuum radio spectra and maps. R-band optical
imaging was performed in order to make optical identifica-
tions (IDs).
The layout of this paper is as follows. In §2 we discuss
sample selection, data acquisition and data reduction. In §3
we present the results – the radio flux densities, radio maps
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and optical counterpart data. In §4 we discuss the sample
statistics with regard to the radio spectra, radio morphol-
ogy, optical colour and optical morphology. In §5 we com-
pare these results with previous work and in §6 we consider
a means of increasing the efficiency of selecting rising spec-
trum sources. We summarise our findings in §7.
2 DATA ACQUISITION
2.1 Selecting the sample
Two complete samples of sources were selected from the
first three regions of the 9C survey, coincident with the
VSA fields at 00h20m + 30◦, 09h40m + 32◦ and 15h40m +
43◦(J2000.0). Sample A is complete to 25 mJy and contains
124 sources selected from regions in all three fields, a total
area of 176 square degrees. Sample B is complete to 60 mJy,
with 70 sources in a total area of 246 square degrees; it con-
sists of all sources in sample A above 60 mJy (39 sources),
plus 31 additional sources from a further region of the 9h
field.
Additionally 21 9C sources (sample C) were observed
which were either outside the sample areas or had flux den-
sities lower than the selection limit – these do not form a
complete sample.
2.2 Radio observations and data reduction
Simultaneous continuum snapshot observations were made
for each source at frequencies of 1.4, 4.8, 22 and 43GHz with
the VLA of the National Radio Astronomy Observatory1
(table 1) and at 15GHz with the RT. In addition, 51 sources
from the 00h field were observed within a few months at
31GHz with the Owens Valley Radio Observatory (OVRO)
40m telescope.
The uv-plane coverage of the VLA differs significantly
for the different sets of observations. The data from Jan
2002 were taken in the ~DA move configuration and only a
few antennas had been moved into their A-array positions;
Although at 4.8GHz, for example, there are baselines out
to 500 kilo-λ, the majority are less than 15 kilo-λ and the
resulting beam is messy. In order to obtain good flux density
estimates and a smooth beam, the central portion of the uv-
plane (corresponding to the D-configuration baselines) was
used; after this, the full uv-coverage was used to look for
structure on smaller angular scales
The VLA data were reduced using the NRAO AIPS
package. For each dataset maps were made and cleaned
with the AIPS task IMAGR. Self-calibration was applied to
those maps with sufficiently high signal to noise ratio – typ-
ically sources with point-like components having flux densi-
ties of around 40mJy or greater. In each case one or more
rounds of self-calibration, in phase and in amplitude and
phase, were carried out to maximise the signal to noise ra-
tio of the final map. Time spent on source was typically
about 40 s at 1.4GHz, 60 s at 4.8GHz, 100 s at 22GHz
and 120 s at 43GHz, giving typical rms noise values of 0.5,
1 The National Radio Astronomy Observatory is a facility of the
National Science Foundation operated under cooperative agree-
ment by Associated Universities, Inc.
0.4, 0.8 and 2mJy respectively. The VLA flux calibration is
assumed to be good to about 1 percent, 2 percent, 5 percent
and 10 percent at 1.4, 4.8, 22 and 43GHz respectively.
Each source was observed for about 20 minutes with
the RT; the rms noise is about 0.9mJy and the calibration
uncertainties are approximately 3 percent.
The OVRO 40-m observations were carried out between
2002 Jan and 2002 July. The rms noise on the flux density
measurements is typically 1 mJy, but is often higher for the
brighter sources. Flux calibration uncertainties are about
5 percent.
2.3 Optical observations
Optical imaging using the Kron-Cousins R-band filter
(650 nm) was carried out with the 60-inch telescope at the
Palomar Observatory on 2002 March 5, 6, July 12, 13, 14
December 3, 4 and 2003 January 28, 31. Typically one 900-s
exposure was made for each object, with more time given
to fainter objects when possible. The limiting magnitude is
R ≈ 21 (3 sigma within an aperture the same angular size
as the seeing) and the seeing is generally around 1-2 arcsec.
The rising spectrum, flat spectrum and compact steep spec-
trum (CSS) radio sources were selected for imaging, prior-
ity being given to those with no optical counterpart in the
APM catalogue of the first Palomar Observatory sky survey
(POSS-I: see McMahon et al. 2002, for a description of the
APM project).
The red POSS-I E plates correspond approximately to
R-band and hence we refer to the APM catalogue red mag-
nitudes as R-band in this work. The red images from the sec-
ond Palomar Observatory sky survey (POSS-II: Reid et al.
1991) that appear in digitised form in the second digitised
sky survey (DSS2; see, e.g. McLean et al. 2000) are also ap-
proximately in the optical R-band.
The weather conditions were not photometric so stan-
dards were not used to calibrate photometry. Instead, the
zero-point for each image was found by using the magnitudes
given in the APM catalogue for several point-like sources in
each 60-inch image. For each object the IRAF task phot was
used to calculate magnitudes in a number of interactively
chosen apertures after subtraction of the sky background
(measured from a chosen annulus). The 60-inch images reach
saturation for objects brighter than R ≈ 16 and the APM
photometry is accurate to 0.25 magnitudes down to about
R = 18.0. Thus only those (point-like) objects with mag-
nitudes between 17 and 18 (sometimes 19 for sparse fields)
were used to calculate the zero-point. The measured zero-
points within each image have a typical standard deviation
of 0.15 magnitudes. The total error given for each object is
the quadratic sum of the errors in the zero-point and the
APM catalogue.
For bright objects (R < 17.0) the APM magnitude is
given. For all objects not observed with the Palomar 60-
inch telescope we present DSS2 R-band images, complete
to R ≈ 20.8. We quote magnitudes from the APM cata-
logue for these objects, and bootstrap DSS2 to APM (in
the same manner as for the 60-inch data) if the object is
too faint to be in the APM catalogue. Where no R-band
counterpart was seen in either the 60-inch or the DSS2 R-
band image, the DSS2 O-band (blue) and I-band (infrared)
images were studied. Only one such object was found in
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Table 1. Summary of VLA observations. Numbers in brackets are of sources in sample B that are also in sample A. The 09h sample
was originally only complete to 60mJy but subsequently one quarter of the area was filled in (in 2001 Dec) by studying the 10 sources
in the central region with 9C flux densities between 25mJy and 60mJy. The remainder of the 09h region is complete to only 60mJy,
hence the 31 sources that are only part of Sample B observed in 2001 Jan.
VLA run Field Config. Obs.date Synthesised beam size (arcsec × arcsec) Number in each sample
number 1.4GHz 4.8GHz 22GHz 43GHz A B C
1 00h D 2001 Nov 51× 49 15 × 14 3.6× 3.1 2.2× 1.6 37 (11) 12
2 00h BnA 2002 May 4.2× 1.9 1.3× 0.5 0.29× 0.11 0.13× 0.08 12 (3) -
3 09h ~AB 2001 Jan 1.8× 1.4 0.52 × 0.39 0.15× 0.09 0.09× 0.03 4 (4 +) 31 7
4 09h D 2001 Dec 55× 46 16 × 14 4.2× 3.1 2.5× 1.5 10 - -
5 15h ~DA 2002 Jan 77× 52 12× 9.2 2.4× 1.5 1.9× 1.9 61 (21) 2
another band: 9CJ1531+4048 has a blue APM magnitude
O = 22.14. Where possible the optical colour of each source
is calculated by comparing the R-band measurement with
the O-band magnitude in APM.
3 RESULTS
The radio and optical results are presented in table 2 and
figures 1 to 25. The positions given in table 2 are taken
from the VLA maps; for each source the most accurate po-
sition was obtained using the highest frequency map with a
good signal to noise ratio. For compact or slightly extended
sources the position given is that of the peak (as found by
the Gaussian-fitting AIPS task jmfit). For extended sources
with an obvious core, the position is that of the core. For ex-
tended sources with no core the position, in general, is that
of the brightest peak on the map. However for three classical
double sources with no cores (9CJ1510+3750 - 29 arcsec in
angular extent, 9CJ1512+4540 - 165 arcsec in angular extent
and 9CJ1556+4257 - 160 arcsec in angular extent) the posi-
tion quoted is for the optical counterpart, situated midway
between the two hotspots in each case.
The radio spectra from the simultaneous measurements
are shown in figures 1 to 8. The OVRO 31-GHz points are
plotted on the same graphs as circles rather than crosses.
The OVRO 40-m telescope has a beam size of ∼ 1 acrmin,
slightly larger than the 1.4GHz synthesised beam of the
VLA in its D configuration. Power on angular scales be-
tween the resolution of the VLA at high frequency (3 arcsec
or so in D array) and 1 arcmin will be missed from the VLA
measurements but present in the OVRO measurements. The
OVRO points thus appear relatively high for several ex-
tended sources: notably 9CJ0011+2803, this 25 arcsec dou-
ble radio source was observed with the VLA in its D con-
figuration, so it is unresolved at 1.4GHz but is resolved at
4.8GHz and at 15GHz with the RT (which has resolution
of 20 arcsec). The 22 and 43GHz flux densities appear to be
significantly lower than the unresolved flux densities predict.
There are several sources with OVRO flux densities that are
lower than the VLA flux densities predict; none of which
are steep spectrum sources, and all of which are dominated
by an unresolved component. There are several sources for
which the OVRO measurement is high but the source is un-
resolved: this suggests that the discrepancy may by due, at
least in part, to variability over the six months or so during
which observations were made.
The optical images with the radio contours overlaid are
shown in figures 9 to 25. For clarity, contours are not shown
for the unresolved radio sources. In all cases a cross, 4 arcsec
in size, shows the radio position given in table 2. Where con-
tours are shown, they have been chosen to best describe the
radio-source morphology, emphasising the extended struc-
tures. In a few cases the DSS2 O-band image provides a
higher signal to noise detection of a counterpart and we
present it alongside the R-band image. Where descriptive,
smaller or larger scale images are also shown. Images are in
RA order, except where a pair of images of the same source
would otherwise occur across a page break.
The astrometry of the P60 images was carried out by
comparison with DSS2 images and is accurate to better than
0.5 arcsec. The error on the position of the peak in the ra-
dio source, given by jmfit, is generally better than about
0.1 arcsec. However, many compact radio sources were phase
calibrated on themselves, so the astrometry could be affected
by mean phase errors persistent over the course of the snap-
shot observation. Additionally, the 2 arcsec beam of the VLA
in D-config and at 43GHz will not resolve sources with ex-
tended structures as large as ∼ 1 arcsec which could pull
the position of the peak (as fit by jmfit) away from the
core position. For these reasons optical identifications have
been made where the mis-match between the radio and op-
tical positions is as large as 6 arcsec, although for all but
three sources it is better than 2 arcsec. The probability of
a random alignment within 2 arcsec is ∼ 3 percent on the
deepest P60 images (and, of course, is even smaller on less
deep images), it is therefore expected that a handful of the
IDs will prove to be chance coincidences. The three sources
with optical IDs more distant than 2 arcsec from the radio
position are 9CJ0005+3139 (this has a 6 arcsec discrepancy -
intriguingly the optical source in extended in the direction of
elongation of the radio source); 9CJ0923+3107 (3 arcsec dis-
crepancy) and 9CJ1523+4156 (5 arcsec difference). Includ-
ing these three, optical identifications have been made for a
total of 155 (88 percent) of the 176 radio sources.
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Figure 1. Radio spectra for sources 9CJ0002+3456 to 9CJ0018+2921.
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Figure 2. Radio spectra for sources 9CJ0018+3105 to 9CJ0031+3016.
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Figure 3. Radio spectra for sources 9CJ0032+2758 to 9CJ0936+3313.
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Figure 4. Radio spectra for sources 9CJ0936+2624 to 9CJ0958+2948.
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Figure 5. Radio spectra for sources 9CJ0959+2512 to 9CJ1516+4349.
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Figure 6. Radio spectra for sources 9CJ1516+3650 to 9CJ1533+4107.
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Figure 7. Radio spectra for sources 9CJ1538+4225 to 9CJ2359+3543.
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Figure 8. Radio spectrum for source 9CJ2359+2352.
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(i) 9CJ0002+3456 (P60
R)
(ii) 9CJ0002+2942
(DSS2 R)
(iii) 9CJ0003+2740 (P60
R)
(iv) 9CJ0003+3010 (P60
R)
(v) 9CJ0005+3139 (DSS2
R)
(vi) 9CJ0006+2422
(DSS2 R)
(vii) 9CJ0010+3403
(DSS2 R)
(viii) 9CJ0010+2838
(P60 R)
(ix) 9CJ0010+2854 (P60
R)
(x) 9CJ0010+2717 (P60
R)
(xi) 9CJ0010+2619 (P60
R)
(xii) 9CJ0010+2956
(DSS2 R)
Figure 9. Optical counterparts for sources 9CJ0002+3456 to 9CJ0010+2956. Crosses mark maximum radio flux density and
are 4 arcsec top to bottom. Contours: 9(v), 43GHz contours at 40,60,80% of peak (12.9mJy/beam); 9(xii), 22GHz contours at
15,25,35,45,55,65,75,85% of peak (29.9mJy/beam).
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(i) 9CJ0010+2650 (DSS2
R)
(ii) 9CJ0011+3529 (P60
R)
(iii) 9CJ0011+2803
(DSS2 R)
(iv) 9CJ0011+2928
(DSS2 R)
(v) 9CJ0012+2702 (DSS2
R)
(vi) 9CJ0012+3353 (P60
R)
(vii) 9CJ0012+3053 (P60
R)
(viii) 9CJ0013+2834
(P60 R)
(ix) 9CJ0013+2646 (P60
R)
(x) 9CJ0014+2815 (P60
R)
(xi) 9CJ0014+2815 (P60
R) Detail
(xii) 9CJ0015+3216
(DSS2 R)
Figure 10. Optical counterparts for sources 9CJ0010+2650 to 9CJ0015+3216. Crosses mark maximum radio flux density and are
4 arcsec top to bottom. Contours: 10(iii); 22GHz contours at 10-80 every 10% of peak (15.2mJy/beam); 10(v), 22GHz contours at
10-90 every 10% of peak (33.8mJy/beam); 10(xi), P60 R optical coutours; 10(xii), 43GHz contours at 3,4,5,6,7,10,30,50,70,90% of peak
(220mJy/beam).
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(i) 9CJ0015+3052 (DSS2
R)
(ii) 9CJ0018+2921
(DSS2 R)
(iii) 9CJ0018+3105
(DSS2 R)
(iv) 9CJ0018+3105, large
(DSS2 R)
(v) 9CJ0018+2907 (DSS2
R)
(vi) 9CJ0019+2817
(DSS2 R)
(vii) 9CJ0019+2956 (P60
R)
(viii) 9CJ0019+2647
(DSS2 R)
(ix) 9CJ0019+3320
(DSS2 R)
(x) 9CJ0020+3152 (P60
R)
(xi) 9CJ0021+2711
(DSS2 R)
(xii) 9CJ0021+3226 (P60
R)
Figure 11. Optical counterparts for sources 9CJ0015+3052 to 9CJ0021+3226. Crosses mark maximum radio flux density and are
4 arcsec top to bottom. Contours: 11(i), 22GHz contours at 15-95 every 10% of peak (20.3mJy/beam); 11(ii), 22GHz contours 6-15
every 3% and 20-80 every 15% of peak (63.9mJy/beam); 11(iv), 4.8GHz contours 5-25 every 5% and 35 to 95 every 10 % of peak
(50.0mJy/beam); 11(v), 4.8GHz contours at 7-21 every 3% and 30-70 every 10% of peak (27.1mJy/beam); 11(vi), 1.4GHz contours
15-85 every 10% of peak(25.8 mJy/beam); 11(xi), 4.8GHz contours 16-24 every 2% and 30-80 every 10% of peak (88.5mJy/beam).c© 0000 RAS, MNRAS 000, 000–000
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(i) 9CJ0022+3250 (P60
R)
(ii) 9CJ0023+3114 (P60
R)
(iii) 9CJ0023+2734 (P60
R)
(iv) 9CJ0023+2734 (P60
R) Detail
(v) 9CJ0023+2539 (P60
R)
(vi) 9CJ0024+2911 (P60
R)
(vii) 9CJ0027+2830
(DSS2 R)
(viii) 9CJ0028+3103
(DSS2 R)
(ix) 9CJ0028+2914
(DSS2 R)
(x) 9CJ0028+2954 (P60
R)
(xi) 9CJ0028+2408
(DSS2 R)
(xii) 9CJ0029+3244 (P60
R)
Figure 12. Optical counterparts for sources 9CJ0022+3250 to 9CJ0029+3244. Crosses mark maximum radio flux density and are
4 arcsec top to bottom. Contours: 12(iv), Detail showing 43GHz radio contours for this 0.25 arcsec source: 60-90 every 10% of peak
(9.6mJy/beam); 12(viii), 4.8GHz contours at 10-80 every 20% of peak (26.2mJy/beam).
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(i) 9CJ0030+2957 (P60
R)
(ii) 9CJ0030+3415 (P60
R)
(iii) 9CJ0030+2833 (P60
R)
(iv) 9CJ0030+2809 (P60
R)
(v) 9CJ0030+2809 (P60
R) Detail
(vi) 9CJ0031+3016 (P60
R)
(vii) 9CJ0032+2758 (P60
R)
(viii) 9CJ0033+2752
(DSS2 R)
(ix) 9CJ0034+2754
(DSS2 R)
(x) 9CJ0036+2620 (P60
R)
(xi) 9CJ0917+3446 (P60
R)
(xii) 9CJ0919+3324 (P60
R)
Figure 13. Optical counterparts for sources 9CJ0030+2957 to 9CJ0919+3324. Crosses mark maximum radio flux density and are 4 arcsec
top to bottom.Contours: 13(iv), 4.8GHz contours 5-30 every 5% of peak (18.4mJy/beam); 13(v), 4.8GHz contours 5-30 every 3% and
40-80 every 20% of peak; 13(viii), 22GHz contours 60-90 every 10% of peak (8.1mJy/beam); 13(xi), 4.8GHz contours at 6% and 10-85
every 15% of peak (23.1mJy/beam).
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(i) 9CJ0923+3107 (P60
R)
(ii) 9CJ0923+2815 (P60
R)
(iii) 9CJ0925+3159 (P60
R)
(iv) 9CJ0925+3159 (P60
R) Detail
(v) 9CJ0925+3127 (P60
R)
(vi) 9CJ0926+2758 (P60
R)
(vii) 9CJ0927+2954 (P60
R)
(viii) 9CJ0927+3034
(DSS2 R)
(ix) 9CJ0928+2904 (P60
R)
(x) 9CJ0930+3503 (P60
R)
(xi) 9CJ0931+2750 (P60
R)
(xii) 9CJ0932+2837 (P60
R)
Figure 14. Optical counterparts for sources 9CJ0923+3107 to 9CJ0932+2837. Crosses mark maximum radio flux density and are 4 arcsec
top to bottom. Contours: 14(iv), close-up showing radio contours at 4.8GHz (black, larger lobes – 2.5-5 every 0.5% and 10-90 every
10% of peak (84.9mJy/beam)) and 22GHz (grey, above and to the left of the lower lobe – 60-90 every 10% of peak (8.1mJy/beam));
14(viii), 1.4GHz contours 4,5,6,7 and 10-70 every 20% of peak (41.1mJy/beam); 14(ix), 22GHz contours 35-95 every 10% of peak
(11.8mJy/beam). c© 0000 RAS, MNRAS 000, 000–000
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(i) 9CJ0932+3339 (DSS2
R)
(ii) 9CJ0933+2845 (P60
R)
(iii) 9CJ0933+3254 (P60
R)
(iv) 9CJ0934+2756 (P60
R)
(v) 9CJ0934+3050 (P60
R)
(vi) 9CJ0935+2917 (P60
R)
(vii) 9CJ0936+3207 (P60
R)
(viii) 9CJ0936+3313
(P60 R)
(ix) 9CJ0936+2624 (P60
R)
(x) 9CJ0936+2624 (P60
R)
(xi) 9CJ0937+3206 (P60
R)
(xii) 9CJ0939+2908 (P60
R)
Figure 15. Optical counterparts for sources 9CJ0932+3339 to 9CJ0939+2908. Crosses mark maximum radio flux density and are 4 arcsec
top to bottom. Contours: 15(i), 1.4GHz contours at 1-2.5 every 0.5% and 10-90 every 10% of peak (182mJy/beam); 15(vii), 4.8GHz
contours 3,5,7,10,30 and 50% of peak (39.6mJy/beam); 15(ix) and 15(x), in both 1.4GHz contours 2-9 every 1% and 10-90 every 20%
of peak (53.1mJy/beam).
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(i) 9CJ0937+3411 (P60
R)
(ii) 9CJ0937+3411 (P60
R)
(iii) 9CJ0940+2626 (P60
R)
(iv) 9CJ0940+2603
(DSS2 R)
(v) 9CJ0940+3015 (DSS2
R)
(vi) 9CJ0941+2728 (P60
R)
(vii) 9CJ0942+3309 (P60
R)
(viii) 9CJ0943+3614
(P60 R)
(ix) 9CJ0944+2554 (P60
R)
(x) 9CJ0944+2554 (P60
R) Detail
(xi) 9CJ0945+2640 (P60
R)
(xii) 9CJ0945+2640 (P60
R)
Figure 16. Optical counterparts for sources 9CJ0937+3411 to 9CJ0945+2640. Crosses mark maximum radio flux density and are 4 arcsec
top to bottom. Contours: 16(i), 1.4GHz contours at 1,2,3,4,5% of peak (52.4mJy/beam); 16(ii), 1.4GHz radio contours: 1-9 every 1%
and 10,15,25,25 and 30-90 every 20% of peak (52.4mJy/beam); 16(iv), 1.4GHz contours 3,4,5,10,50,90% of peak (292mJy/beam));16(v),
1.4GHz contours 2.5-9.5 every 1% and 10,50,90% of peak (102mJy/beam); 16(ix) and 16(x), 4.8GHz contours at 4,5,6% and 10-90 every
20% of peak (243mJy/beam); 16(xi) 1.4GHz at 1-9 every 2% and 10-90 every 20% of peak (485mJy/beam) – an optical counterpart
is just seen; 16(xii), 1.4GHz at 1-9 every 2% and 10-90 every 20% of peak (485mJy/beam).
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(i) 9CJ0945+2729 (P60
R)
(ii) 9CJ0945+3534
(DSS2 R)
(iii) 9CJ0945+3534
(DSS2 R) Detail
(iv) 9CJ0945+3003 (P60
R)
(v) 9CJ0949+2920 (P60
R)
(vi) 9CJ0952+2828
(22GHz radio map)
(vii) 9CJ0952+2828
(DSS2 R)
(viii) 9CJ0952+3512
(DSS2 R)
(ix) 9CJ0953+3225 (P60
R)
(x) 9CJ0954+2639 (DSS2
R)
(xi) 9CJ0954+2639
(DSS2 O)
(xii) 9CJ0955+3335 (P60
R)
Figure 17. Optical counterparts for sources 9CJ0945+2729 to 9CJ0955+3335. Crosses mark maximum radio flux density and are 4 arcsec
top to bottom. Contours: 17(ii) and 17(iii) 1.4GHz contours 1.5-7.5 every 1% and 10-90 every 10% of peak (252mJy/beam). Fig. 17(iii)
zoomed in to show radio map better; 17(vi), 22GHz contours 10-90 every 10% of peak (67mJy/beam) of this 0.03 arcsec source; 17(vii)
optical image without radio contours; 17(viii), 1.4GHz contours at 0.5-3 every 0.5% and 20-90 every 20% of peak (345mJy/beam).
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(i) 9CJ0957+3422 (DSS2
R)
(ii) 9CJ0958+2640
(DSS2 R)
(iii) 9CJ0958+3224
(DSS2 R)
(iv) 9CJ0958+2948
(DSS2 R)
(v) 9CJ0959+2512 (P60
R)
(vi) 9CJ0959+2645 (P60
R)
(vii) 9CJ1000+2752 (P60
R)
(viii) 9CJ1002+3409
(P60 R)
(ix) 9CJ1003+3347
(DSS2 R)
(x) 9CJ1004+3010 (DSS2
R)
(xi) 9CJ1501+4211
(DSS2 R)
(xii) 9CJ1501+4211
(DSS2 R) Detail
Figure 18. Optical counterparts for sources 9CJ0957+3422 to 9CJ1501+4211. Crosses mark maximum radio flux density and are 4 arcsec
top to bottom. Contours: 18(ii), 1.4GHz contours 5,10,15,20,40,80% of peak (91mJy/beam); 18(iv), 1.4GHz contours at 3-11 every 2%
and 30-90 every 20% of peak (89.9mJy/beam); 18(xi) and 18(xii), 4.8GHz contours 10-90 every 10% of peak (7.4mJy/beam).
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(i) 9CJ1459+4442 (P60
R)
(ii) 9CJ1501+4537 (P60
R)
(iii) 9CJ1502+3956
(DSS2 R)
(iv) 9CJ1502+3947
(DSS2 R)
(v) 9CJ1502+3947 (DSS2
R) Detail
(vi) 9CJ1502+3753 (P60
R)
(vii) 9CJ1502+3753 (P60
R) Detail
(viii) 9CJ1503+4528
(DSS2 R)
(ix) 9CJ1503+4528
(DSS2 R) Detail
(x) 9CJ1505+3702 (DSS2
R)
(xi) 9CJ1506+4359
(DSS2 R)
(xii) 9CJ1506+3730 (P60
R)
Figure 19. Optical counterparts for sources 9CJ1459+4442 to 9CJ1506+3730. Crosses mark maximum radio flux density and are
4 arcsec top to bottom. Contours: 19(iv) and 19(v), 4.8GHz contours 10-90 every 20% of peak (27.4mJy/beam); 19(vi) and 19(vii),
4.8GHz contours 3-15 every 2% and 30,60,90% of peak (61.2mJy/beam); 19(viii) and 19(ix), 4.8GHz contours 10-90 every 20% of peak
(99.6mJy/beam); 19(x), 4.8GHz contours 25,30,35% and 40-90 every 10% of peak (6.8mJy/beam).
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(i) 9CJ1506+4239 (DSS2
R)
(ii) 9CJ1508+4127
(DSS2 R)
(iii) 9CJ1508+4127
(DSS2 R) Detail
(iv) 9CJ1510+4138 (P60
R)
(v) 9CJ1510+3750 (DSS2
R)
(vi) 9CJ1510+4221 (P60
R)
(vii) 9CJ1510+4221 (P60
R) Detail
(viii) 9CJ1511+4430
(DSS2 R)
(ix) 9CJ1512+4540
(DSS2 R)
(x) 9CJ1514+3650 (DSS2
R)
(xi) 9CJ1516+4349 (P60
R)
(xii) 9CJ1516+3650
(DSS2 R)
Figure 20. Optical counterparts for sources 9CJ1506+4239 to 9CJ1516+3650. Crosses mark maximum radio flux density and are 4 arcsec
top to bottom. Contours: 20(ii), 4.8GHz contours 4-40 every 4%; 20(iii), 4.8GHz contours 4-20 every 2% and 30-90 every 10% of peak
(46.8mJy/beam); 20(v), 4.8GHz contours 3.5-9.5 every 1% and 20-80 every 20% of peak (61.5mJy); 20(vi) and 20(vii), 4.8GHz contours
5-85 every 10% of peak (13.4mJy/beam); 20(viii), 4.8GHz contours at 6-12 every 2% and 30-90 every 20% of peak (27.8mJy/beam);
20(ix), 4.8GHz contours 4-7 every 1% and 10-90 every 10% of peak (53.5mJy/beam); 20(x), 1.4GHz contours 10-90 every 10% of peak
(97.0mJy/beam).
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(i) 9CJ1516+4159 (DSS2
R)
(ii) 9CJ1517+3936 (P60
R)
(iii) 9CJ1518+4131
(DSS2 R)
(iv) 9CJ1519+4254 (P60
R)
(v) 9CJ1519+3844 (DSS2
R)
(vi) 9CJ1519+3913
(DSS2 R)
(vii) 9CJ1520+3843
(DSS2 R)
(viii) 9CJ1520+4211
(DSS2 R)
(ix) 9CJ1521+4336
(DSS2 R)
(x) 9CJ1523+4156 (DSS2
R)
(xi) 9CJ1525+4201
(DSS2 R)
(xii) 9CJ1526+3712 (P60
R)
Figure 21. Optical counterparts for sources 9CJ1516+4159 to 9CJ1526+3712. Crosses mark maximum radio flux density and are
4 arcsec top to bottom. Contours: 21(i), 4.8GHz contours at 7,12 and 20-90 every 10% of peak (31.0mJy/beam);21(v), 4.8GHz contours
at 2-5 every 1% and 10-90 every 20% of peak (45.6mJy/beam); 21(x), 4.8GHz contours at 10,15,20 and 30-90 every 20% of peak
(86.1mJy/beam).
c© 0000 RAS, MNRAS 000, 000–000
30 R.C. Bolton et al.
(i) 9CJ1526+4201 (P60
R)
(ii) 9CJ1528+4219
(DSS2 R)
(iii) 9CJ1528+4233 (P60
R)
(iv) 9CJ1528+4233
(DSS2 O
(v) 9CJ1528+3738 (P60
R)
(vi) 9CJ1528+3738 (P60
R) Detail
(vii) 9CJ1528+3816 (P60
R)
(viii) 9CJ1528+4522
(P60 R)
(ix) 9CJ1528+4522 (P60
R) Detail
(x) 9CJ1529+4538 (DSS2
R)
(xi) 9CJ1529+3945
(DSS2 R)
(xii) 9CJ1530+3758 (P60
R)
Figure 22. Optical counterparts for sources 9CJ1526+4201 to 9CJ1530+3758. Crosses mark maximum radio flux density and are
4 arcsec top to bottom. Contours: 22(vi) 22GHz contours at 15-90 every 15% of peak (48.6mJy/beam); 22(viii), 4.8GHz contours at
10,50 and 90% of peak (29.3mJy/beam); 22(ix), 4.8GHz contours at 10-90 every 10% of peak (29.3mJy/beam); 22(x), 4.8GHz contours
at 20-80 every 20% of peak (9.9mJy/beam).
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(i) 9CJ1531+4356 (P60
R)
(ii) 9CJ1531+4048
(DSS2 R)
(iii) 9CJ1531+4048
(DSS2 O)
(iv) 9CJ1533+4107
(DSS2 R)
(v) 9CJ1538+4225 (P60
R)
(vi) 9CJ1539+4217
(DSS2 R)
(vii) 9CJ1540+4138
(DSS2 R)
(viii) 9CJ1541+4114
(DSS2 R)
(ix) 9CJ1541+4114
(DSS2 R)
(x) 9CJ1541+4456 (DSS2
R)
(xi) 9CJ1545+4130 (P60
R)
(xii) 9CJ1546+4257
(DSS2 R)
Figure 23. Optical counterparts for sources 9CJ1531+4356 to 9CJ1546+4257. Crosses mark maximum radio flux density and are
4 arcsec top to bottom. Contours: 23(ii) and 23(iii), 4.8GHz contours at 20-80 every 20% of peak (17.5mJy/beam); 23(ix), 4.8GHz,
10,20,30,60,90% of peak (24.7mJy/beam); 23(x), 4.8GHz 10-90 every 10% of peak (29.6mJy/beam); 23(xii), 4.8GHz contours at 6,11,16
and 20-80 every 20% of peak (24.5mJy/beam).
c© 0000 RAS, MNRAS 000, 000–000
32 R.C. Bolton et al.
(i) 9CJ1547+4208 (P60
R)
(ii) 9CJ1548+4031
(DSS2 R)
(iii) 9CJ1550+4536
(DSS2 R)
(iv) 9CJ1550+4536
(DSS2 O)
(v) 9CJ1550+4545 (DSS2
R)
(vi) 9CJ1553+4039
(DSS2 R)
(vii) 9CJ1554+4350 (P60
R)
(viii) 9CJ1554+4348
(P60 R)
(ix) 9CJ1556+4257
(DSS2 R)
(x) 9CJ1556+4259 (DSS2
R)
(xi) 9CJ1557+4522 (P60
R)
(xii) 9CJ1557+4007
(DSS2 R)
Figure 24. Optical counterparts for sources 9CJ1547+4208 to 9CJ1557+4007. Crosses mark maximum radio flux density and are
4 arcsec top to bottom. Contours: 24(xi), 4.8GHz contours 10-90 every 10% of peak (87.6mJy/beam).
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(i) 9CJ1558+4146 (DSS2
R)
(ii) 9CJ2351+3018
(DSS2 R)
(iii) 9CJ2351+3019
(DSS2 R)
(iv) 9CJ2352+3035
(DSS2 R)
(v) 9CJ2353+3136 (P60
R)
(vi) 9CJ2358+2402 (P60
R)
(vii) 9CJ2359+3543
(DSS2 R)
(viii) 9CJ2359+2352
(P60 R)
Figure 25. Optical counterparts for sources 9CJ1558+4146 to 9CJ2359+2352. Crosses mark maximum radio flux density and are
4 arcsec top to bottom. Contours: 25(iii), 4.8GHz contours 10-90 every 10% of peak (48.1mJy/beam).
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Figure 26. POSS-II image of the field of 9CJ1556+4257 with
contours from the FIRST survey map overlaid. Radio contours are
at 1,2,3,4,5,10,30,50,70 and 90 percent of the peak flux density of
0.88 Jy/beam.
3.1 Notes on individual sources
The map of 9CJ0958+2948 (see Fig. 18(iv)) shows four ra-
dio components, the brightest two of which form a core/jet
source centred on the 9C position and with an optical coun-
terpart. The remaining two components are offset about
7 arcsec to the south-west and not aligned with the other
components. They are very close together and we assume
that they are associated. The total flux density of this sec-
ond radio source is only 40mJy at 1.4GHz and 25mJy at
4.8GHz and we leave it out of the sample since its expected
15 -GHz flux would be too low to allow its inclusion.
The two sources 9CJ1556+4257 and 9CJ1556+4259 ap-
pear in the same radio map; inspection of the maps in
the Faint Images of the Radio Sky at Twenty-cm (FIRST,
Becker, White & Helfand 1995) survey reveals that they are
physically distinct objects. 9CJ1556+4257 is a 160 -arcsec
classical double radio source (see figure 26), with an optical
counterpart mid-way between the two lobes. 9CJ1556+4259
is a point-like radio source, with a peaked spectrum and an
optical counterpart (see figure 24(x)).
The two sources 9CJ2351+3018 and 9CJ2351+3019 are
only 1 arcmin apart on the sky and appear as one source in
the 9C catalogue. Figure 27 shows the 4.8GHz radio con-
tours of 9CJ2351+3018, the point source to the bottom of
the image, and 9CJ2351+3019, the double source in the cen-
tre left. Both sources have optical counterparts and we there-
fore assume that they are separate objects. There is a third
radio source which is faint (10mJy) and also has a possible
optical ID; this source is not seen at all at higher frequencies
and is therefore not considered any further. The OVRO 40m
dish flux for 9CJ2351+3019 appears to be slightly high, but
this may be accounted for by the inclusion of some flux from
9CJ2351+3018 in the ∼ 1 arcmin beam.
Figure 27. 9CJ2351+3018 and 9CJ2351+3019. 4.8GHz radio
contours at 10,20,30,40,50,60,70,80,and 90 percent of the peak
flux density of 48.1 mJy/beam.
4 SAMPLE STATISTICS
Here we consider the population of our flux-limited samples,
A and B.
4.1 Radio properties
We classify our radio sources as compact or extended on
the basis of their radio size, compact sources being those
with angular extent < 2 arcsec. 68 percent of the sources in
sample A are compact and 67 percent of those in sample B
are compact.
As the radio flux densities have been measured simul-
taneously we can reliably classify objects using their radio
spectral index, α (we take S ∝ ν−α). We define three dif-
ferent spectral classes using the spectral index between 1.4
and 4.8GHz. The classes are: steep spectrum sources with
α
4.8
1.4 > 0.5, flat spectrum sources with −0.1 6 α
4.8
1.4 < 0.5,
and rising spectrum sources with α4.81.4 < −0.1. We use -0.1,
rather than zero, as the flat/rising cut-off to reduce contam-
ination of the rising spectrum class by objects with poorly
defined spectral peaks. These criteria mean that we classify
sources that actually peak at about 1GHz (truly “gigahertz”
peaked spectrum objects) as steep or (more probably) flat
spectrum objects. The sources with spectra that rise be-
tween 1.4 and 4.8GHz must have a peak at some frequency:
in fact all but two (which have spectra still rising at 43GHz)
of the “rising” spectrum sources show a peak in the range
4.8 to 22GHz, and are presumably just more extreme ver-
sions of gigahertz peaked spectrum (GPS) sources; we refer
to them as GPS sources in this work, taking the definition of
a GPS source to be a source with a radio spectrum peaking
at ∼ 5GHz or above.
Four sources have no 1.4GHz measurements so have
been classified using the spectral index between 4.8 and
15GHz and by looking in the FIRST catalogues. They
are: 9CJ1506+4359, 9CJ1506+4239, 9CJ1508+4127 and
9CJ1510+4138. 9CJ1506+4359 has a FIRST flux density
of 65mJy at 1.4GHz, when measurement errors are consid-
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Table 3. Numbers of radio sources of different radio spectral
and size types in samples A and B. Percentages are given as the
fractions within each radio size class that fall into each spectral
class.
Sample A Steep Flat Rising Total
Compact 23 (27%) 40 (48%) 21 (25%) 84
Extended 33 (83%) 6 (15%) 1 (3%) 40
Total 56 (45%) 46 (37%) 22 (18%) 124
Sample B Steep Flat Rising Total
Compact 10 (21%) 22 (47%) 15 (32%) 47
Extended 13 (57%) 6 (26%) 4 (17%) 23
Total 23 (33%) 28 (40%) 19 (27%) 70
Table 4. The 25th percentile, median and 75th percentile values
of spectral index for samples A and B at different frequencies.
Sample A Sample B
25% Median 75% 25% Median 75%
α4.8
1.4
0.05 0.44 0.76 -0.12 0.24 0.64
α15
4.8
0.06 0.39 0.95 0.02 0.27 0.70
α43
15
0.42 0.87 1.20 0.38 0.67 1.03
ered the FIRST/4.8GHz spectral index straddles the value
of −0.1 so we conservatively classify it as flat spectrum.
9CJ1506+4239, has a FIRST flux density of 308mJy, so
both between FIRST and 4.8GHz and simultaneous 4.8 and
15GHz it has a rising spectrum. 9CJ1508+4127 is a steep
spectrum source (with a FIRST flux density of 350mJy) and
9CJ1510+4138, does not appear in FIRST but we classify
it as flat spectrum.
In table 3 we compare the proportions of sources in each
spectral and radio size class in samples A and B. From this it
is clear that there is a greater proportion of rising spectrum
sources in the sample with the higher flux limit. This trend
is confirmed by taking the subsample of B with flux densi-
ties > 150mJy at 15GHz; 7 (39 percent) of the 18 sources
have rising spectra. This behaviour is expected since we are
measuring α below the selection frequency. There is also a
strong tendency for the flat and rising spectrum sources to
be compact in the radio; conversely 83 percent of the ex-
tended radio sources in sample A are steep spectrum. This
trend is already well established in previous work at lower
frequencies: see e.g Peacock & Wall (1981, PW hereafter).
Figure 28 shows the distribution of spectral index mea-
sured between different frequencies for samples A and B.
There is a clear trend for the spectral index taken between
15 and 43GHz to be steeper than that calculated at lower
frequencies. The median values and 25th and 75th percentile
values are given in table 4.
For each sample the median values of α4.81.4 and α
15
4.8 are
very similar. This is perhaps surprising since 12 of the 22
peaked spectrum sources in sample A peak at 5GHz, but is
explained by the fact that although their spectra are starting
to fall above 5GHz, so that the left-hand, low-α tail of the
distribution shrinks, they have not turned over sufficiently
between 4.8 and 15GHz to be “steep” spectrum sources in
this frequency range. On the other hand between 15 and
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Figure 29. Distribution of optical magnitudes for Sample A in
R-band (top) and O-band (bottom). Unseen objects are assigned
an optical flux density one magnitude fainter that the detection
limit (cross-hatched area).
43GHz the spectra of these 5-GHz peakers have become
steep, hence the large change in median spectral index when
it is calculated between 15 and 43GHz. Sources in sample
B tend to have lower (less steeply falling) values of α, due
to the increased fraction of peaked sources in this sample,
as discussed earlier.
4.2 Optical properties
Figures 29 and 30 show the distribution of optical magni-
tudes for samples A and B, where the O-band magnitudes
have been taken from the APM catalogue. Sources with no
optical ID are assigned a magnitude which is one magnitude
fainter than the detection limit and are shown by the cross-
hatched bins; we take the detection limit for the blue plates
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Figure 28. Distribution of spectral index for Sample A, left and B, right. Top to bottom: α4.8
1.4
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Figure 30. Distribution of optical magnitudes for Sample B in
R-band (top) and O-band (bottom). Unseen objects are assigned
an optical flux density one magnitude fainter that the detection
limit (cross-hatched area).
to be the completeness limit: O = 21.5. In sample A the
median R-band magnitude is 19.4, and the medianO-band
magnitude is 21.6. In sample B the median R-band mag-
nitude is 19.3, and the median O-band magnitude is 20.9;
these are slightly lower values than for sample A, as expected
since this is the sample with the higher flux density limit so
the objects are expected to be at lower redshift.
Using the R-band optical images (P60 or DSS2 as ap-
propriate), P60 or APM R-band magnitudes and APM O-
band magnitudes we put the optical counterparts into four
classes in table 2: those unseen in the images, those that
appear extended (“G”: galaxies), those that are point-like
and blue, with O − R < 1.6 (“Q?”: potential quasars, this
is a slightly more strict classification of objects as “blue”
than Riley et al. 1999, who take O −R < 1.8 in their selec-
Table 5. Optical counterparts classified only by optical colour
for samples A and B. Objects definitely bluer that O − R = 1.6
are classified as “blue”, all others with IDs are “not blue”. Per-
centages are given as the fractions within each radio class that
fall into each optical colour class.
SAMPLE A Unseen Blue Not blue Total
Steep spectrum 13 23% 17 30% 26 46% 56
Flat spectrum 2 4% 22 48% 22 48% 46
Rising spectrum 2 9% 10 45% 10 45% 22
SAMPLE B Unseen Blue Not blue Total
Steep spectrum 1 4% 5 22% 17 74% 23
Flat spectrum 3 11% 16 57% 9 32% 28
Rising spectrum 0 0% 8 42% 11 58% 19
tion of quasar candidates) and those that are point-like but
do not have O − R definitely less than 1.6 (“G?”, this will
contain a mixture of unresolved galaxies and faint quasar
candidates). Whilst this classification scheme is useful on
a source by source basis, the differing quality of the opti-
cal images (in particular the relatively poor seeing of the
DSS2 images compared to the P60 images) makes it diffi-
cult to draw comparisons between optical counterpart types
for different radio classes since few steep spectrum sources
were imaged with the P60.
To avoid these imaging biases we define optical classes
on the basis of colour alone: counterparts with O−R < 1.6
are “blue” and we define objects with O − R > 1.6 to be
“red”. We calculate the median spectral indices for the “red”
and “blue” counterparts, leaving out objects with inconclu-
sive limits on the colour; e.g. all those unseen in O-band but
not bright enough in R-band to have O−R definitely greater
than 1.6, and vice versa for those seen only in the blue filter.
Objects not detected in either filter are also excluded. The
median values of α are: 0.63 for the “red” objects in sample
A; 0.30 for the “blue” objects in sample A; 0.49 for the “red”
objects in sample B and 0.17 for the “blue” objects in sample
B. Again, sample B has lower values of spectral index than
sample A, and also, the “blue” counterparts in each sam-
ple have lower spectral indices than the “red” counterparts,
which supports the standard interpretation that flat spec-
trum radio sources are quasars and are blue in the optical
(see, e.g. Riley et al. 1999).
The full sample is classified into optical colour classes
by combining the “red” objects and all those with inconclu-
sive optical colours into a single class (“not blue”). Table
5 shows the relative numbers of unseen, “blue” and “not
blue” objects in the different radio classes of samples A and
B. The expected trend is that a lower fraction of steep spec-
trum sources will be blue than the flat and rising sources.
This appears to be the case for sample B: at least 74 percent
of the steep spectrum sources are “not blue” and at most
49 percent of the flat or rising spectrum sources are “not
blue”. However, for sample A there are so many steep spec-
trum objects without optical IDs that there is no significant
difference between the different radio classes. Again, given
the uncertainties introduced by the unseen objects, Samples
A and B are not statistically different in terms of the optical
properties of each radio class.
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Table 6. Percentages of different radio-source classes from the
PW sample and the 15GHz samples.
Selection frequency & flux limit
2.7GHz 1.5 Jy 15GHz 60mJy 15GHz 25mJy
ESS 48% 19% 27%
CSS 22% 14% 19%
Flat 21% 40% 37%
Rising 9% 27% 18%
5 COMPARISON WITH PREVIOUS WORK
The most extensively studied survey close in frequency to 9C
is that of PW who looked at a sample of 168 radio sources
defined at 2.7GHz and complete to 1.5 Jy. PW measured
the (non-simultaneous) spectral index of each source be-
tween 1.4 and 2.7GHz and classified sources as extended
steep spectrum (ESS: resolved and with α > 0.5), compact
steep spectrum (CSS: unresolved and with α > 0.5) and flat
spectrum (α < 0.5). PW used data with a resolution of, at
best, 2 arcsec. We have reclassified their objects as flat or
rising spectrum using the cut-off at α = −0.1 as for the 9C
sources. In table 6 the spectral and structural properties of
the PW sample and samples A and B are compared. Clearly,
the samples defined at 15GHz are strongly biased toward
the flat and rising spectrum objects as compared with the
PW sample, containing two to three times the fraction of
rising spectrum sources. O’Dea (1998) shows that the frac-
tion of GPS sources is still only ∼ 10 percent in samples
selected at frequencies as high as 5GHz, compared with the
20-30 percent in 9C. Comparisons between the PW and 9C
samples should be made with caution because of the very
much higher flux density cut-ff in the PW sample. However,
the trend for the fraction of GPS sources to increase as the
flux limit is increased in the 9C samples suggests that a sam-
ple selected at 15GHz with a flux limit comparable to 1.5 Jy
would be even more rich in GPS sources than the samples
we have studied here.
6 CREATING SAMPLES RICH GPS SOURCES
We have defined complete, flux-limited samples from a sur-
vey at 15GHz that contain higher fractions of GPS sources
than samples selected at lower radio frequency. Future work
on GPS sources will benefit if complete samples of such ob-
jects can be selected without the need for time-consuming
multi-frequency measurements of all objects in the flux-
limited samples.
The efficiency of selecting GPS sources can be increased
by removing sources with steeply falling spectra as indicated
by existing survey measurements: in particular compari-
son of the old, non-simultaneous NRAO VLA Sky Survey
(NVSS, see Condon et al. 1998) flux density measurements
at 1.4GHz and the 9C catalogue flux densities for each ob-
ject gives an indication of the spectral type. Figure 31 shows
histograms of the ratio between the simultaneous flux den-
sity measurements to those from surveys – the top figure
shows this histogram for the 1.4-GHz data (follow-up VLA:
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Figure 31. Histograms showing the ratios of flux densities from
our follow-up work to the flux densities given in the surveys at
1.4GHz (NVSS; top) and 15GHz (9C; bottom).
NVSS) and the lower is for the 15-GHz data (follow-up RT:
9C). The 15GHz histogram is wider, indicating, as expected,
that source variability is more prevalent at 15GHz than at
lower radio frequency. NVSS was carried out between 1993
and 1996 and the 9C data points were taken between 1999
November and 2001 June, so the time offset between the sur-
vey data points and our simultaneous data points is around
6 years for the 1.4GHz data and between about 1 and 2
years at 15GHz. To quantify the variability of the 9C sam-
ples on timescales from a few days to a year or so we are
carrying out systematic RT observations at 15GHz of one
third of the sources from the flux-limited samples (chosen
randomly), to be presented elsewhere.
Figure 32 shows the correlation between spectral index
calculated between 1.4 and 15GHz from NVSS and 9C and
the spectral index calculated from the simultaneous mea-
surements at 1.4 and 4.8GHz (i.e. the spectral index we
use to classify the radio sources). The graph shows that the
two measurements are similar, but there is significant scat-
ter. The GPS sources with α4.81.4 < −0.1 have a tendency for
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Figure 32. Simultaneous spectral index taken between 1.4 and
4.8GHz plotted against the spectral index calculated using the
1.4-GHz NVSS flux density and the 15-GHz 9C flux density. The
horizontal dashed lines are at the cut-offs for the radio spectral
classes (+0.5 and −0.1). The vertical dot-dashed line is at an
NVSS/9C spectral index value of 0.25.
their NVSS/9C spectral indices to be higher than their si-
multaneous 1.4 to 4.8GHz spectral indices. This is due to
the turnover or flattening of the spectra of these sources be-
tween 4.8 and 15GHz. Note however that, as suggested in
section 4.1, the sources have not turned over sufficiently to
have steeply falling spectra when averaged between 1.4 and
15GHz. Selecting all sources that have an NVSS/9C spec-
tral index less steep than +0.25 will pick up all of the rising
spectrum sources, as well as a few flat spectrum sources,
but very few steep spectrum objects (since the spectral in-
dex of a convex-spectrum source increases with frequency).
Using the spectral index cut-off of α9CNV SS < 0.25, and a 9C
flux limit of 25mJy creates a sample in which 49 percent
of the sources would have a simultaneous spectral index of
α
4.8
1.4 < −0.1.
7 CONCLUSIONS
Our follow-up of 176 radio sources taken from the 9C cata-
logue has shed light on the properties of the high frequency
radio population. Multi-frequency simultaneous measure-
ments have provided maps and radio spectra. Optical imag-
ing at the Palomar 60-inch telescope in combination with
the DSS2 digitised form POSS-II sky survey plates has led
to the identification of counterparts for a total of 155 of the
176 sources studied.
(1) At a flux limit of 25mJy, 18 percent of sources dis-
play spectra that peak at 5GHz or above. 27 percent of the
60mJy sample peak at 5GHz or above. These rising spec-
trum sources represent a much larger fraction of the radio
source population at 15GHz than at lower radio frequencies.
(2) Increasing the flux limit raises the fraction of rising
spectrum sources: in a sample of sources selected with a 9C
flux density at 15GHz of more than 150mJy, 39 percent of
the sources have rising spectra between 1.4 and 5GHz.
(3) At higher frequencies the median spectral index in-
creases, due to turn-over. However, the median value re-
mains constant up to 15GHz.
(4) The optical counterparts of the steep spectrum
sources are less often blue in colour than those of the flat
and rising spectrum sources. The optical colours and sizes
suggest that between one third and one half of the peaked
spectrum and flat spectrum sources may be quasars.
(5) We have shown that a sample defined as a flux-
limited complete sample from 9C and then refined to contain
only those sources having a spectral index taken from NVSS
at 1.4GHz and 9C at 15GHz of α9CNV SS < 0.25 will still con-
tain all of the peaked-spectrum sources from the complete
sample. The efficiency of finding peaked-spectrum objects
can thus be raised to 49 percent – allowing larger samples
of GPS sources to be studied with the same amount of ded-
icated telescope time, without compromising on complete-
ness.
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Table 2: Soure properties.
Name RA De. Sample 1.4GHz 4.8GHz 15GHz 22GHz 31GHz 43GHz Rad. Optial R Colour Opt.
hh:mm:ss dd:mm:ss ux  ux  ux  ux  ux  ux  Size mag  size res. O  R type
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23)
9CJ0002+3456 00:02:18.9 34:55:58 C 6.0 1.0 16.9 0.5 { { 14.0 1.0 11.3 1.0 0.0 4.0 U
1
18.96 0.39 8.0 2.94  2:54 Gy
9CJ0002+2942 00:02:52.4 29:42:53 A 40.8 0.6 34.4 0.7 61.3 2.0 60.0 1.0 48.0 1.4 40.0 3.0 U
1
19.23 0.25 pt 3.0 0.32 Q?
9CJ0003+2740 00:03:13.1 27:40:44 A/B 54.1 0.8 70.0 1.4 67.2 2.0 56.2 1.0 38.0 1.0 19.0 1.9 U
1
17.90 0.25 pt 1.63 0.00 Q?
9CJ0003+3010 00:03:55.4 30:09:58 A/B 29.6 0.7 50.2 1.0 56.3 1.7 54.6 2.5 42.6 0.9 41.0 2.0 U
1
20.46 0.27 pt 1.81  1:04 G?
9CJ0005+3139 00:05:55.6 31:39:50 A/B 755.5 8.0 268.1 3.0 81.6 1.5 58.0 2.0 40.4 0.9 25.0 3.0 5
1
19.03 0.25 11.0 3.0  2:47 Gy
9CJ0006+2422 00:06:48.8 24:22:36 C 170.3 1.7 207.5 4.0 { { 284.4 14.0 195.5 2.5 198.3 20.0 U
1
18.80 0.25 pt 2.9 0.25 Q?
9CJ0010+3403 00:10:03.7 34:03:14 A 141.0 1.4 68.3 1.3 27.2 1.0 17.6 0.8 11.7 2.6 8.4 1.0 U
1
19.31 0.25 pt 3.0 0.74 Q?
9CJ0010+2838 00:10:11.1 28:38:12 A/B 64.9 0.6 48.5 1.0 46.4 1.5 55.0 2.5 39.2 2.5 49.7 5.0 U
1
19.86 0.32 2.0 1.64  1:64 G
9CJ0010+2854 00:10:27.8 28:54:59 A 39.8 0.5 47.3 0.2 69.2 0.0 103.0 5.0 82.2 3.3 144.0 14.0 U
1
19.56 0.29 pt 1.47 1.19 Q?
9CJ0010+2717 00:10:28.7 27:17:54 A 63.3 0.5 34.8 0.7 31.8 1.0 32.0 1.6 17.5 3.5 17.7 1.7 U
1
20.02 0.29 pt 1.44  1:48 G?
9CJ0010+2619 00:10:36.2 26:19:18 A/B 432.0 4.3 195.2 4.0 69.7 2.3 49.8 1.0 33.0 2.1 21.3 2.1 U
1
 21:5 { { 1.81 { {
9CJ0010+2956 00:10:42.5 29:56:12 A/B 209.8 2.1 114.0 7.0 58.9 2.0 49.8 2.5 49.7 2.8 26.0 3.0 10
1
19.47 0.25 pt 3.40  2:03 G?
9CJ0010+2650 00:10:51.2 26:50:26 A 56.3 0.6 41.0 0.8 32.4 1.0 35.1 1.5 { { 27.8 0.7 U
1
17.65 0.25 pt 3.0 0.24 Q?
9CJ0011+3529 00:11:30.9 35:29:07 C 10.2 0.6 14.8 0.5 { { 19.9 1.0 14.5 8.1 10.1 1.2 U
1
19.10 0.32 2.7 1.49  2:40 G
9CJ0011+2803 00:11:33.7 28:03:47 A 583.4 6.0 186.3 3.5 49.1 1.5 32.0 3.0 82.0 21.4 6.4 0.7 25
1
19.06 0.56 pt 3.30  2:44 G?
9CJ0011+2928 00:11:46.0 29:28:31 A 154.9 1.5 98.9 2.0 52.3 1.6 43.1 2.0 34.8 8.3 23.2 2.3 U
1
18.42 0.25 pt 3.0 0.55 Q?
9CJ0012+2702 00:12:38.2 27:02:39 A/B 638.0 6.0 219.0 4.0 73.9 2.0 51.0 2.5 36.1 1.0 14.0 1.4 15
1
15.91 0.25 3.4 2.90 0.46 G
9CJ0012+3353 00:12:47.4 33:53:38 A/B 35.2 0.6 80.4 1.6 123.8 4.0 137.0 6.8 169.7 2.0 129.8 13.0 U
1
20.15 0.28 1.9 1.67  1:35 G?
9CJ0012+3053 00:12:50.4 30:53:23 A 18.5 0.5 22.1 0.4 25.5 0.9 27.7 1.4 { { 20.1 2.0 U
1
19.82 0.20 pt 1.59  1:68 G?
9CJ0013+2834 00:13:32.7 28:34:51 A 32.7 0.7 33.1 0.7 34.6 0.8 36.6 1.8 { { 30.5 3.0 U
1
21.01 0.27 2.2 1.55  0:49 G
9CJ0013+2646 00:13:46.5 26:46:39 A 364.0 3.6 118.6 2.3 30.0 1.0 17.0 0.9 { { 5.0 1.0 U
1
20.70 0.39 3.8 3.40  0:80 G
9CJ0014+2815 00:14:33.8 28:15:07 A 80.4 0.8 60.1 1.2 45.5 1.4 37.7 1.9 31.3 1.9 23.8 2.4 U
1
19.50 0.27 5.3 1.32 1.03* Gy
9CJ0015+3216 00:15:06.2 32:16:14 A/B 1662.6 17.0 827.3 16.0 469.0 22.0 425.0 21.0 366.7 2.7 250.0 25.0 7
1
15.61 0.25 7.0 3.00 2.97 G
9CJ0015+3052 00:15:36.1 30:52:24 A 225.1 2.2 90.0 2.0 38.0 1.3 24.5 1.2 22.3 2.7 8.8 0.9 10
1
16.33 0.25 pt 3.0 0.83 Q?
9CJ0018+2921 00:18:12.4 29:21:24 A/B 404.4 4.0 188.6 3.5 90.8 3.0 81.0 4.0 71.5 1.0 44.0 4.0 12
1
17.45 0.25 pt 3.0 0.30 Q?
9CJ0018+3105 00:18:31.8 31:06:14 A 364.0 6.0 119.0 4.0 45.0 10.0 17.0 3.0 13.8 1.1 6.0 6.0 60
1
 20:8 { { 2.70 { {
9CJ0018+2907 00:18:50.9 29:07:39 A 71.0 0.7 41.3 0.8 28.7 1.0 23.6 1.0 23.0 1.1 13.5 1.4 65
1
18.50 0.25 pt 2.70 -0.02 Q?
9CJ0019+2817 00:19:08.9 28:17:54 A 25.9 0.4 23.8 0.5 17.4 0.6 27.0 1.4 31.9 1.1 34.9 3.6 80
1
17.41 0.25 3.0 2.70 0.49 G
Notes: Col. 1 gives the soure name from the 9C atalogue. Cols. 2 & 3 ontain the RA (rounded to 0.1 seonds) and De (to 1arse) of the radio soure, in J2000 oordinates. Col.
4 gives the sample(s) that the soure appears in. Cols. 5 to 16 give the ux density and error measurements (in mJy) at 1.4, 4.8, 15, 22, 31 and 43GHz. Col 17 gives the radio size in
arse (U = unresolved), the supersripts give the VLA run number (table 1). Col. 18 gives the optial R-band magnitude (in AB magnitudes), or the lower limit on this. The error in
the R-band magnitude appears in Col. 19. Col .20 gives the optial size (arse) of the ounterpart, and Col. 21 gives the seeing (arse). Col. 22 gives the O R olour (or limit) where
a * denotes an unertain math between the red and blue plates in APM. Col. 23 gives the optial type: extended, elliptial type objets are labelled G, those with irregular morphology
are marked with Gy. The two soures 9CJ0030+2809 and 9CJ0958+2948 are elliptial but also have near neighbours, they are labelled Gz. Unresolved optial ounterparts are labelled
aording to optial olour: those with O  R < 1:6 are labelled Q? and those point-like objets with O R  1:6, or not denitely less than 1.6 are labelled G?
Table 2: Soure properties.
Name RA De. Sample 1.4GHz 4.8GHz 15GHz 22GHz 31GHz 43GHz Rad. Optial R Colour Opt.
hh:mm:ss dd:mm:ss ux  ux  ux  ux  ux  ux  Size mag  size res. O  R type
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23)
9CJ0019+2956 00:19:37.8 29:56:02 A 96.6 1.0 73.5 1.5 41.0 1.3 35.7 1.7 30.1 1.2 13.8 1.3 U
1
7.25 0.25 15.0 3.0 2.31 G
9CJ0019+2647 00:19:52.5 26:47:32 A 98.5 1.1 70.1 1.2 66.7 2.0 73.6 3.7 61.8 1.1 63.1 6.3 U
1
19.27 0.25 4.0 3.0 0.94 G
9CJ0019+3320 00:19:58.7 33:20:03 A 82.2 0.8 63.1 1.2 31.8 1.0 26.3 1.0 19.9 1.0 11.8 1.2 U
1
19.16 0.25 pt 2.70 0.47 Q?
9CJ0020+3152 00:20:50.6 31:52:29 A 25.7 0.6 42.7 0.8 31.8 1.0 19.1 0.8 10.3 1.0 8.0 3.0 U
1
 22:6 { { 1.51 { {
9CJ0021+2711 00:21:28.8 27:11:43 A 349.6 3.5 120.3 2.4 38.7 1.2 21.0 2.0 23.2 1.2 10.0 5.0 25
1
 20:8 { { 3.0 { {
9CJ0021+3226 00:21:30.0 32:26:57 A 179.8 1.8 82.4 2.0 27.4 0.8 15.8 0.8 8.8 1.4 0.0 4.0 U
1
20.70 0.29 1.6 1.44  0:80 G
9CJ0022+3250 00:22:43.8 32:50:46 A 50.9 0.7 23.5 0.4 13.6 0.5 13.0 5.0 10.9 1.4 6.0 2.0 U
1
 23:3 { { 1.47 { {
9CJ0023+3114 00:23:10.0 31:14:02 A 140.9 1.4 66.8 1.2 32.1 1.0 24.6 1.2 23.6 2.5 12.0 1.2 U
1
 22:7 { { 1.32 { {
9CJ0023+2734 00:23:14.2 27:34:23 A/B 410.0 4.0 172.0 2.0 76.8 2.0 40.1 2.0 40.1 1.6 15.0 2.0 0:25
2
20.40 0.29 pt 1.25  1:10 G?
9CJ0023+2539 00:23:23.0 25:39:18 C 67.9 0.7 98.8 2.0 { { 96.2 4.0 65.6 1.4 60.5 6.0 U
1
19.00 0.27 2.1 1.93  2:50 G
9CJ0024+2911 00:24:34.4 29:11:27 A/B 5.0 1.0 20.5 1.0 42.3 2.0 34.0 1.5 28.4 1.2 15.0 2.0 U
2
17.44 0.25 pt 1.31 0.46 Q?
9CJ0027+2830 00:27:00.6 28:30:27 A 116.0 2.0 71.0 1.4 24.0 1.0 13.5 0.5 { { 6.0 1.0 U
2
20.50 0.65 pt 3.0  1:00 G?
9CJ0028+3103 00:28:11.2 31:03:29 A 165.0 5.0 66.0 4.0 36.1 1.1 15.0 1.0 28.9 1.2 8.0 2.0 45
2
14.56 0.25 pt 3.0 0.99 Q?
9CJ0028+2914 00:28:17.1 29:14:28 A/B 733.0 7.0 260.0 5.0 78.1 2.0 49.3 2.5 31.2 0.9 9.0 3.0 U
2
19.60 0.65 pt 3.0  1:90 G?
9CJ0028+2954 00:28:32.0 29:54:45 A 22.0 2.0 24.0 2.0 24.9 2.0 18.6 0.5 24.6 1.2 15.0 2.0 U
2
19.50 0.32 pt 1.3  2:00 G?
9CJ0028+2408 00:28:34.0 24:08:03 C 98.7 1.0 102.5 2.0 { { 121.9 6.0 201.4 1.3 124.7 12.0 U
1
17.99 0.25 10.0 3.0 3.37 Gy
9CJ0029+3244 00:29:33.0 32:44:50 A 300.0 3.0 172.7 3.0 44.7 1.5 29.9 0.5 27.8 1.2 12.0 1.0 U
2
22.60 0.56 pt 1.17   1:10 G?
9CJ0030+2957 00:30:05.3 29:57:02 A 24.0 1.0 14.5 0.2 13.5 0.5 16.0 0.7 17.6 1.4 12.2 1.0 U
2
14.26 0.25 2.5 1.80 2.88 G
9CJ0030+3415 00:30:21.5 34:16:00 A 92.0 1.0 49.2 1.0 25.2 1.0 15.5 0.8 14.9 1.2 4.0 1.0 U
2
20.40 0.56 pt 1.04  1:10 G?
9CJ0030+2833 00:30:27.9 28:33:48 A 572.0 6.0 170.7 5.0 47.4 2.0 24.0 2.0 22.9 1.5 6.0 1.0 U
2
20.10 0.32 pt 1.55  1:40 G?
9CJ0030+2809 00:30:57.1 28:09:41 A 244.0 4.0 86.3 2.0 31.3 2.0 { { 20.0 1.5 11.0 4.0 12
2
19.50 0.32 7.0 1.61  2:00 Gz
9CJ0031+3016 00:31:22.0 30:16:02 A 132.0 2.0 76.5 1.0 39.1 1.0 26.0 2.0 24.5 1.1 3.0 3.0 U
2
15.95 0.25 1.7 1.47 2.05 G
9CJ0032+2758 00:32:44.5 27:58:55 A 28.1 0.8 34.1 0.4 30.1 1.0 21.6 1.0 22.8 1.7 12.0 1.2 U
1
20.22 0.27 1.7 1.51 0.43 G
9CJ0033+2752 00:33:09.8 27:52:29 A 255.8 2.6 74.0 2.0 23.1 0.7 9.0 1.3 9.0 1.3 2.0 2.0 8
1
 20:8 { { 3.0 { {
9CJ0034+2754 00:34:43.5 27:54:24 A/B 820.0 8.2 471.4 9.4 295.0 8.9 236.7 11.8 183.4 2.0 129.2 13.0 U
1
17.87 0.25 pt 3.0 0.98 Q?
9CJ0036+2620 00:36:05.3 26:20:29 A 412.0 4.1 155.5 2.0 50.1 1.5 35.0 2.0 25.3 2.5 15.0 4.0 U
1
19.30 0.27 1.8 1.29 0.56 Gy
9CJ0917+3446 09:17:16.2 34:46:40 B 880.0 15.0 274.0 4.0 72.0 2.5 { { { { 39.0 12.0 12
3
20.20 0.47 1.6 1.02  1:30 G
9CJ0919+3324 09:19:08.8 33:24:42 B 207.0 2.0 376.0 2.0 413.0 12.0 388.0 17.0 { { 263.7 26.0 U
3
19.00 0.16 pt 1.21 2.47 G?
9CJ0923+3107 09:23:48.0 31:07:56 B 257.0 10.0 170.0 5.0 { { 107.0 5.0 { { 77.0 8.0 U
3
17.90 0.29 pt 1.89 0.23 Q?
9CJ0923+2815 09:23:51.6 28:15:26 B 300.0 15.0 307.0 10.0 344.0 11.0 { { { { 334.0 33.0 U
3
19.00 0.14 4.0 1.22 0.14 Gy
9CJ0925+3159 09:25:32.8 31:59:54 B 554.0 15.0 186.0 5.0 67.0 2.0 38.0 2.0 { { 14.0 5.0 5
3
21.50 0.56 pt 1.47  0:00 G?
9CJ0925+3127 09:25:43.6 31:27:11 B 103.0 1.0 128.0 2.0 { { 36.0 2.0 { { 12.1 1.7 U
3
18.10 0.29 pt 1.29 2.82 G?
9CJ0926+2758 09:26:45.2 27:58:22 B 305.0 3.0 271.0 5.0 { { 168.0 7.0 { { 125.0 13.0 U
3
 22:4 { { 1.95 { {
9CJ0927+2954 09:27:22.5 29:54:13 A 63.4 1.0 40.0 0.4 { { 18.6 0.9 { { 12.0 3.0 U
4
21.40 0.39 1.5 1.43 -0.18 G
9CJ0927+3034 09:27:39.8 30:34:16 A/B 52.0 3.0 44.0 1.0 47.0 1.5 37.0 2.0 { { 18.6 2.0 11
3
19.55 0.25 pt 3.0 0.82 Q?
9CJ0928+2904 09:28:15.1 29:04:17 A 375.2 3.8 106.1 2.0 22.0 6.0 17.0 2.0 { { 4.0 2.0 3
4
 22:8 { { 1.78 { {
9CJ0930+3503 09:30:55.3 35:03:38 B 518.0 8.0 435.0 9.0 { { 420.0 21.0 { { 360.4 36.0 U
3
18.40 0.56 pt 1.55 2.02 G?
Table 2: Soure properties.
Name RA De. Sample 1.4GHz 4.8GHz 15GHz 22GHz 31GHz 43GHz Rad. Optial R Colour Opt.
hh:mm:ss dd:mm:ss ux  ux  ux  ux  ux  ux  Size mag  size res. O  R type
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23)
9CJ0931+2750 09:31:51.8 27:50:52 B 75.0 0.7 159.0 3.0 144.0 4.8 135.0 7.0 { { 98.3 10.0 U
3
20.10 0.32 pt 1.59  1:40 G?
9CJ0932+2837 09:32:14.2 28:37:30 A 102.5 1.0 95.8 2.0 58.4 6.0 46.8 2.3 { { 27.0 2.7 U
4
18.23 0.25 2.1 1.70 3.44* G
9CJ0932+3339 09:32:55.0 33:39:29 B 250.0 10.0 157.0 2.0 125.0 4.0 105.0 5.0 { { 64.7 6.5 20
3
15.86 0.25 pt 2.55 1.13 Q?
9CJ0933+2845 09:33:37.3 28:45:32 A 111.4 1.1 86.1 1.6 35.6 6.0 22.5 1.2 { { 15.0 4.0 U
4
17.50 0.25 pt 1.74 1.27 Q?
9CJ0933+3254 09:33:39.8 32:54:45 A 46.0 0.8 36.6 0.7 22.8 5.0 21.9 1.0 { { 14.0 1.4 U
4
 23:4 { { 1.63 { {
9CJ0934+2756 09:34:20.5 27:56:04 C 3.0 3.0 18.0 1.0 36.0 1.2 23.5 1.0 { { 11.0 3.0 U
3
20.10 0.32 2.4 2.08  1:40 G
9CJ0934+3050 09:34:47.2 30:50:55 A 319.5 3.2 120.6 2.4 { { 30.2 1.5 { { 22.0 3.0 U
4
19.70 0.27 pt 1.98 0.87 Q?
9CJ0935+2917 09:35:36.2 29:17:11 A 32.5 0.6 46.7 0.9 { { 35.8 1.8 { { 18.0 2.0 U
4
21.00 0.56 pt 1.49 0.59 Q?
9CJ0936+3207 09:36:03.9 32:07:10 A 26.8 0.7 40.1 0.8 52.8 6.0 51.3 1.8 { { 32.0 3.0 30
4
17.29 0.25 2.0 1.78 0.48 G
9CJ0936+3313 09:36:09.4 33:13:08 A 56.9 1.0 48.3 0.9 29.6 3.0 30.3 1.5 { { 19.0 2.0 U
4
13.85 0.25 10.0 2.12 1.87 G
9CJ0936+2624 09:36:14.2 26:24:04 B 90.0 10.0 156.0 4.0 63.0 2.0 60.0 3.0 { { 40.4 4.0 45
3
17.30 0.32 pt 0.91 1.19 Q?
9CJ0937+3206 09:37:06.4 32:06:55 A 108.9 1.1 53.9 1.4 58.4 2.0 58.8 2.9 { { 41.0 4.0 U
4
19.50 0.29 pt 1.78 0.60 Q?
9CJ0937+3411 09:37:16.5 34:11:33 B 150.0 8.0 77.0 2.0 70.0 2.3 63.0 3.0 { { 45.3 4.5 18
3
21.20 0.27 4.0 1.42  0:30 Gy
9CJ0939+2908 09:39:01.6 29:08:29 A/B 70.0 2.0 77.0 2.0 91.0 3.0 90.0 4.5 { { 53.3 5.3 U
3
20.50 0.27 2.0 1.81  1:00 G
9CJ0940+2626 09:40:13.5 26:26:57 B 115.0 5.0 70.0 2.0 55.0 1.7 54.0 3.0 { { 52.0 5.2 U
3
19.60 0.39 1.2 0.99 1.78 G
9CJ0940+2603 09:40:14.7 26:03:29 B 425.0 25.0 490.0 10.0 480.0 14.0 405.0 20.0 { { 378.1 38.0 10
3
19.21 0.25 pt 3.20 1.64 G?
9CJ0940+3015 09:40:18.8 30:15:09 A/B 140.0 15.0 92.0 2.0 73.0 2.5 63.0 3.0 { { 30.0 3.0 35
3
17.95 0.25 pt 2.80 0.53 Q?
9CJ0941+2728 09:41:48.1 27:28:38 B 216.0 3.0 210.0 4.0 209.0 7.0 195.0 10.0 { { 17.0 0.0 U
3
18.10 0.32 pt 1.58 0.78 Q?
9CJ0942+3309 09:42:15.3 33:09:30 A/B 113.0 3.0 94.0 2.0 69.0 2.3 61.0 3.0 { { 46.0 4.6 U
3
22.80 0.27 1.5 1.44   1:3 G
9CJ0943+3614 09:43:19.1 36:14:52 C 80.0 1.0 254.0 5.0 212.0 7.0 163.0 8.0 { { 102.0 10.0 U
3
8.87 0.25 6.0 1.44 1.67 G
9CJ0944+2554 09:44:42.3 25:54:41 B 762.0 7.0 329.0 6.0 116.0 8.0 87.0 5.0 { { 48.0 4.8 1:8
3
17.50 0.32 pt 1.85 -0.47 Q?
9CJ0945+2729 09:45:15.6 27:29:11 B 254.8 2.5 151.0 3.0 76.0 5.0 69.0 3.0 { { 44.0 4.4 U
3
 22:2 { { 1.44 { {
9CJ0945+2640 09:45:31.0 26:40:54 B 586.0 10.0 210.0 4.0 70.0 4.0 36.0 3.0 { { 12.0 4.0 7
3
20.90 0.56 pt 1.36  0:60 G?
9CJ0945+3534 09:45:38.2 35:34:57 B 320.0 10.0 410.0 8.0 262.5 11.0 220.0 11.0 { { 111.0 11.0 16
3
17.91 0.25 pt 2.90 0.43 Q?
9CJ0945+3003 09:45:59.7 30:03:41 C 4.5 0.5 10.3 0.3 15.0 0.5 11.0 1.0 { { { { U
3
 22:4 { { 2.41 { {
9CJ0949+2920 09:49:48.2 29:20:54 B 163.0 3.0 148.0 3.0 73.0 3.5 63.0 3.0 { { 33.0 7.0 U
3
19.50 0.27 3.4 1.36 -0.72 Gy
9CJ0952+2828 09:52:06.1 28:28:32 B 1212.0 10.0 542.0 10.0 164.0 6.0 117.0 6.0 { { { { 0:4
3
19.62 0.25 pt 3.0 1.90 G?
9CJ0952+3512 09:52:32.0 35:12:53 B 373.0 5.0 424.0 8.0 362.0 11.0 295.0 15.0 { { { { 28
3
18.85 0.25 pt 3.0 0.21 Q?
9CJ0953+3225 09:53:28.0 32:25:52 B 119.0 1.0 128.0 2.0 108.0 3.7 90.0 4.0 { { 45.0 4.5 U
3
16.34 0.25 pt 2.17 0.53 Q?
9CJ0954+2639 09:54:39.8 26:39:23 B 295.0 3.0 229.0 4.0 135.0 6.0 137.0 12.0 { { 98.0 9.8 U
3
 20:8 { pt 3.00  0:14 G?
9CJ0955+3335 09:55:37.9 33:35:03 B 42.0 2.0 104.0 2.0 69.0 2.3 50.0 2.5 { { 22.0 3.0 U
3
16.72 0.25 pt 2.38 0.50 Q?
9CJ0957+3422 09:57:46.3 34:22:17 B 275.0 3.0 130.0 2.6 63.0 3.0 54.0 3.0 { { { { U
3
19.92 0.25 3.4 2.90  1:58 G
9CJ0958+2640 09:58:00.7 26:40:10 B 160.0 8.0 119.0 2.4 87.0 3.0 { { { { 47.1 4.7 10
3
19.61 0.25 8.5 3.0 0.03 G
9CJ0958+3224 09:58:20.9 32:24:03 B 1350.0 30.0 900.0 18.0 930.0 28.0 882.0 40.0 { { 628.0 63.0 U
3
15.51 0.25 4.3 3.0 0.03 G
9CJ0958+2948 09:58:58.9 29:48:04 B 134.0 6.0 125.0 5.0 66.5 4.0 46.3 2.0 { { 24.0 3.0 14
3
19.47 0.25 7.0 3.0 -0.28 Gz
9CJ0959+2512 09:59:00.9 25:12:13 C 9.5 0.5 30.1 0.6 32.0 3.0 28.0 2.0 { { 15.0 3.0 U
3
9.17 0.25 3.1 2.04 2.73 G
9CJ0959+2645 09:59:30.7 26:45:52 B 70.0 3.0 55.0 2.0 53.0 1.6 51.0 2.5 { { 32.3 3.2 U
3
21.00 0.27 1.4 1.29 -0.66 G
Table 2: Soure properties.
Name RA De. Sample 1.4GHz 4.8GHz 15GHz 22GHz 31GHz 43GHz Rad. Optial R Colour Opt.
hh:mm:ss dd:mm:ss ux  ux  ux  ux  ux  ux  Size mag  size res. O  R type
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23)
9CJ1000+2752 10:00:07.5 27:52:46 B 280.0 5.0 150.0 15.0 68.0 3.0 59.0 3.0 { { 44.0 5.0 U
3
20.30 0.32 3.4 3.30 0.80* G
9CJ1002+3409 10:02:47.1 34:09:15 C 4.0 0.5 15.0 1.0 16.5 0.5 17.2 1.0 { { 17.2 1.7 U
3
18.40 0.29 pt 1.29 2.99 G?
9CJ1003+3347 10:03:26.8 33:47:30 C 16.0 0.5 42.9 1.0 72.0 2.0 89.5 4.0 { { 80.0 30.0 U
3
18.17 0.25 2.5 2.10 3.05 G
9CJ1004+3010 10:04:11.7 30:10:33 C 4.0 0.5 27.0 0.5 42.0 2.0 37.7 2.0 { { { { U
3
18.20 0.25 3.7 3.20 2.07 Gy
9CJ1459+4442 14:59:35.4 44:42:08 C 116.8 1.2 230.0 10.0 230.0 7.0 193.0 9.7 { { 144.0 14.0 U
5
19.40 0.27 1.3 1.28 2.08 G
9CJ1501+4537 15:01:25.7 45:37:57 C 8.6 2.0 11.0 0.5 15.2 0.5 12.2 0.6 { { 7.0 1.4 U
5
17.80 0.27 pt 1.25 2.19 G?
9CJ1501+4211 15:01:58.8 42:11:44 A 121.5 1.2 54.0 4.0 28.3 1.0 20.0 1.0 { { 8.0 2.0 6
5
18.98 0.25 3.4 3.20  2:52 G
9CJ1502+3956 15:02:00.5 39:56:03 A 132.0 1.3 68.0 1.2 46.8 1.5 37.9 2.0 { { 23.0 3.0 U
5
19.24 0.25 pt 3.0 0.81 Q?
9CJ1502+3947 15:02:29.0 39:47:28 A 403.9 4.0 130.0 2.6 35.2 1.2 21.3 1.0 { { 3.0 3.0 3
5
19.79 0.25 4.4 3.0  1:71 Gy
9CJ1502+3753 15:02:34.8 37:53:54 A 306.5 3.0 127.0 5.0 37.3 1.2 28.0 1.5 { { 10.0 3.0 3
5
20.50 0.56 6.0 1.74  1:00 Gy
9CJ1503+4528 15:03:24.6 45:28:44 A/B 498.4 5.0 159.0 5.0 65.9 2.0 41.0 2.0 { { 14.3 1.6 0:5
5
19.42 0.25 4.2 3.30 2.03 G
9CJ1505+3702 15:05:57.2 37:02:07 A 242.5 2.4 95.0 5.0 22.5 0.7 20.0 10.0 { { 3.0 3.0 33
5
18.98 0.25 pt 3.10  2:52 G?
9CJ1506+4359 15:06:05.9 43:59:03 A/B { { 74.6 1.5 88.5 2.6 80.0 5.0 { { 57.6 5.8 U
5
19.61 0.25 pt 3.0 -0.37 Q?
9CJ1506+3730 15:06:09.5 37:30:51 A/B 1018.0 10.0 770.0 15.0 540.0 16.0 483.0 24.0 { { 354.7 35.0 U
5
20.60 0.32 2.3 1.63  0:90 Gy
9CJ1506+4239 15:06:53.0 42:39:23 A/B { { 552.8 11.0 761.0 23.0 736.0 15.0 { { 556.3 55.0 U
5
19.30 0.32 1.7 1.42 2.21 G
9CJ1508+4127 15:08:46.7 41:27:59 A { { 117.0 4.0 43.9 1.5 25.0 3.0 { { 4.3 1.4 4:5
5
 20:8 { { 3.0 { {
9CJ1510+4138 15:10:08.0 41:38:45 A { { 41.9 1.0 28.0 1.0 17.7 1.0 { { 7.2 1.6 U
5
 22:5 { { 1.65 { {
9CJ1510+3750 15:10:09.3 37:49:52 A/B 731.0 7.3 300.0 20.0 76.9 3.3 43.0 2.0 { { 8.8 1.3 29
5
19.90 0.56 4.5 2.70  1:60 G
9CJ1510+4221 15:10:17.8 42:21:55 A/B 232.0 2.3 110.0 10.0 66.2 2.0 55.0 5.0 { { 24.1 2.4 8
5
19.00 0.32 2.5 1.51  2:50 Gy
9CJ1511+4430 15:11:42.8 44:30:44 A 344.0 3.4 110.0 20.0 62.5 2.0 48.0 3.0 { { 22.0 3.0 27
5
18.49 0.25 pt 3.20 0.92 Q?
9CJ1512+4540 15:12:20.5 45:41:04 A 318.0 10.0 110.0 5.0 { { 30.0 10.0 { { 15.0 15.0 165
5
19.43 0.39 5.0 3.10  2:07 G
9CJ1514+3650 15:14:43.0 36:50:50 A/B 930.0 9.0 340.0 20.0 95 10.0 70.0 5.0 { { 15.0 5.0 55
5
15.83 0.25 3.6 2.70 0.08 G
9CJ1516+4349 15:16:31.4 43:49:50 A 28.3 1.1 25.1 0.3 21.8 0.7 18.5 1.0 { { 15.2 1.8 U
5
18.50 0.32 4.5 2.12  3:00 Gy
9CJ1516+3650 15:16:49.3 36:50:23 A 192.0 1.9 105.0 5.0 83.0 2.7 76.0 3.6 { { 55.0 5.5 U
5
19.30 0.39 pt 2.70  2:20 G?
9CJ1516+4159 15:16:59.6 41:59:38 A 358.0 3.6 62.0 5.0 42.6 1.5 28.7 1.5 { { { { 20
5
19.50 0.47 pt 3.0 0.23 Q?
9CJ1517+3936 15:17:56.8 39:36:42 A 16.6 0.8 26.0 1.0 40.3 1.2 43.0 2.0 { { 35.3 3.5 U
5
19.90 0.27 1.6 1.47  1:60 G
9CJ1518+4131 15:18:47.3 41:31:36 A 39.9 1.0 27.1 0.6 28.0 1.0 20.0 1.0 { { 14.0 2.0 U
5
19.04 0.25 pt 3.20 0.65 Q?
9CJ1519+4254 15:19:26.9 42:54:08 A 69.9 0.7 67.2 1.3 99.9 3.0 97.0 5.0 { { 82.0 8.0 U
5
21.50 0.56 pt 1.53  0:00 G?
9CJ1519+3844 15:19:32.1 38:44:53 A 69.3 0.7 52.0 2.0 30.1 1.0 28.0 2.0 { { 22.2 2.2 22
5
19.15 0.25 pt 3.10 0.26 Q?
9CJ1519+3913 15:19:44.4 39:13:22 A 241.0 2.4 103.0 3.0 37.6 1.3 26.0 1.3 { { 10.0 1.3 U
5
19.60 0.56 4.0 2.90  1:90 G
9CJ1520+3843 15:20:33.3 38:43:23 A 294.2 2.9 112.0 2.2 35.9 1.2 33.0 2.0 { { 15.0 3.0 U
5
19.19 0.25 pt 2.70 0.65 Q?
9CJ1520+4211 15:20:39.7 42:11:11 A/B 124.1 1.2 56.5 1.1 53.8 1.6 71.8 3.6 { { 85.0 8.0 U
5
18.09 0.25 7.0 3.10 1.13 G
9CJ1521+4336 15:21:49.6 43:36:39 A/B 259.8 3.0 423.7 8.5 347.0 10.0 300.0 15.0 { { 194.7 19.0 U
5
18.09 0.25 pt 3.30 0.67 Q?
9CJ1523+4156 15:23:09.3 41:56:27 A/B 555.5 5.5 137.0 2.0 56.9 2.0 41.0 2.0 { { 12.0 2.0 8
5
15.69 0.25 pt 3.0 3.10 G?
9CJ1525+4201 15:25:23.6 42:01:17 A 106.2 1.0 55.0 2.0 59.0 2.0 52.0 3.0 { { 27.0 2.7 U
5
17.24 0.25 pt 3.00 0.80 Q?
9CJ1526+3712 15:26:09.8 37:12:33 A/B 47.9 0.6 72.0 2.0 64.6 2.1 64.0 3.2 { { 37.8 3.8 U
5
20.80 0.56 pt 1.78  0:70 G?
9CJ1526+4201 15:26:45.3 42:01:43 A/B 21.6 0.5 59.9 1.2 59.3 2.0 47.0 2.0 { { 22.0 2.0 U
5
19.10 0.27 1.6 1.46  2:40 G
Table 2: Soure properties.
Name RA De. Sample 1.4GHz 4.8GHz 15GHz 22GHz 31GHz 43GHz Rad. Optial R Colour Opt.
hh:mm:ss dd:mm:ss ux  ux  ux  ux  ux  ux  Size mag  size res. O  R type
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23)
9CJ1528+4219 15:28:00.1 42:19:15 A 216.5 2.1 84.0 1.9 43.6 1.5 37.0 3.0 { { 15.0 2.0 U
5
18.40 0.25 3.1 2.90 3.16 G
9CJ1528+4233 15:28:19.7 42:33:35 A 138.6 1.4 57.2 1.2 32.2 1.0 24.0 1.2 { { 8.0 2.0 U
5
 21:1 { { 1.74 { {
9CJ1528+3738 15:28:27.9 37:38:09 A/B 1051.8 10.5 336.0 20.0 74.2 2.5 53.0 6.0 { { 18.8 1.9 0:7
5
19.90 0.32 1.7 1.40  1:60 G
9CJ1528+3816 15:28:37.0 38:16:06 A/B 22.6 0.7 46.0 1.0 72.5 2.0 86.0 5.0 { { 71.2 7.0 U
5
20.30 0.56 pt 1.60  1:20 G?
9CJ1528+4522 15:28:41.6 45:22:27 A 173.9 1.7 75.0 5.0 43.6 1.5 47.0 2.0 { { 25.0 10.0 3
5
20.00 0.39 1.7 1.44 -0.24 G
9CJ1529+4538 15:29:10.4 45:38:16 A 278.0 2.8 110.0 5.0 36.3 1.2 23.2 1.0 { { 8.0 3.0 16
5
16.59 0.25 4.3 3.0 3.09 G
9CJ1529+3945 15:29:49.8 39:45:10 A 134.6 1.3 60.0 5.0 29.8 1.0 28.0 1.5 { { 24.5 2.4 U
5
19.21 0.25 pt 2.40 0.89 Q?
9CJ1530+3758 15:30:16.3 37:58:31 A/B 103.1 1.0 135.0 3.0 60.8 1.8 38.0 2.0 { { 13.1 1.3 U
5
17.10 0.56 2.3 1.47 2.41 G
9CJ1531+4356 15:31:02.5 43:56:38 A 53.1 0.6 55.0 1.0 25.8 0.4 18.0 1.0 { { 17.0 5.0 U
5
15.83 0.25 12.0 1.47 0.99 Gy
9CJ1531+4048 15:31:40.9 40:48:25 A 338.3 3.3 105.0 10.0 31.2 1.0 26.0 1.2 { { 6.0 2.0 14
5
 20:8 { pt 3.0  1:34 Q?
9CJ1533+4107 15:33:27.9 41:07:21 A 19.1 0.7 17.5 0.4 19.9 0.7 19.5 1.0 { { 13.3 1.6 U
5
19.28 0.25 3.8 2.60  2:22 G
9CJ1538+4225 15:38:55.8 42:25:27 A 42.0 0.6 40.5 0.8 41.6 1.5 42.2 2.0 { { 29.0 2.9 U
5
20.10 0.27 1.6 1.24 1.24 G
9CJ1539+4217 15:39:25.3 42:17:32 A 53.3 0.5 40.0 3.0 34.2 1.1 37.0 2.0 { { 26.3 2.6 U
5
18.38 0.25 3.0 2.8 1.37 G
9CJ1540+4138 15:40:43.0 41:38:17 A 16.0 1.0 30.9 0.6 34.2 1.0 23.0 1.2 { { 9.1 1.5 U
5
16.72 0.25 3.1 2.6 0.82 G
9CJ1541+4114 15:41:01.2 41:14:28 A 65.0 10.0 38.0 5.0 30.5 0.9 27.5 1.4 { { 19.2 1.9 15
5
19.19 0.25 3.2 2.50  2:31 Gy
9CJ1541+4456 15:41:10.3 44:56:32 A 377.8 3.8 131.0 2.6 47.6 1.6 30.0 4.0 { { 7.8 1.5 1
5
 20:8 { { 3.0 { {
9CJ1545+4130 15:45:21.5 41:30:25 A 72.0 1.3 56.8 1.1 50.0 1.4 45.0 2.2 { { 22.2 2.2 U
5
20.00 0.27 3.0 1.06  1:50 G
9CJ1546+4257 15:46:22.4 42:57:53 A 347.0 3.5 110.0 10.0 33.2 1.0 27.0 2.0 { { 15.0 5.0 16
5
 20:8 { { 3.0 { {
9CJ1547+4208 15:47:59.0 42:08:55 A/B 72.7 1.0 71.0 1.4 56.5 1.8 47.0 2.4 { { 17.8 1.8 U
5
18.30 0.27 3.0 1.24 1.87 Gy
9CJ1548+4031 15:48:11.4 40:31:27 A/B 61.6 0.9 60.0 1.2 84.9 3.0 72.3 4.0 { { 37.0 4.0 U
5
18.29 0.25 6.0 2.90 0.71 Gy
9CJ1550+4536 15:50:43.9 45:36:24 A 47.6 0.8 60.0 1.2 31.8 1.0 20.0 1.0 { { 3.0 3.0 U
5
20.20 0.39 4.0 2.90 2.80 G
9CJ1550+4545 15:50:54.8 45:45:28 A 23.0 0.8 17.9 1.2 17.9 1.0 18.0 1.0 { { 12.1 1.0 U
5
18.51 0.25 4.0 3.0 0.78 Gy
9CJ1553+4039 15:53:15.7 40:39:27 A 47.5 0.5 43.0 1.0 33.3 1.0 18.6 1.0 { { 8.8 2.0 U
5
18.38 0.25 8.0 2.80 0.64 Gy
9CJ1554+4350 15:54:15.7 43:50:26 A 6.5 0.1 33.2 0.6 41.5 1.2 37.0 1.9 { { 20.5 2.0 U
5
 23:1 { { 1.63 { {
9CJ1554+4348 15:54:42.1 43:48:21 A 52.8 0.9 60.8 1.2 44.8 1.5 38.0 2.0 { { 15.7 1.7 U
5
19.10 0.27 pt 1.59 2.15 G?
9CJ1556+4257 15:56:40.3 42:58:02 A/B 1360.0 50.0 424.0 20.0 { { 76.0 4.0 { { 15.0 5.0 160
5
19.47 0.47 5.5 2.9  2:03 Gy
9CJ1556+4259 15:56:57.7 42:59:44 A/B 63.0 3.0 94.0 4.0 57.8 1.7 43.0 3.0 { { 20.0 10.0 U
5
17.14 0.25 pt 3.30 0.78 Q?
9CJ1557+4522 15:57:19.0 45:22:22 A/B 509.2 5.1 262.0 5.0 111.3 3.3 85.0 5.0 { { 40.9 4.1 25
5
18.80 0.32 2.7 1.97 3.01 G
9CJ1557+4007 15:57:55.5 40:07:39 A/B 101.4 1.0 87.0 5.0 79.4 2.7 74.0 3.6 { { 39.6 4.0 U
5
17.66 0.25 pt 3.00 0.35 Q?
9CJ1558+4146 15:58:24.1 41:46:37 A 238.0 2.4 75.0 6.0 32.8 1.0 17.7 2.0 { { 7.0 3.0 13
5
 20:8 { { 3.0 { {
9CJ2351+3018 23:51:01.0 30:18:51 C 46.4 2.0 48.9 1.0 { { 40.4 2.0 32.3 0.9 10.0 2.0 U
1
20.50 0.39 pt 3.0  1:00 G?
9CJ2351+3019 23:51:04.9 30:19:53 C 443.0 5.0 122.4 5.0 { { 19.0 4.0 32.3 0.9 { { 30
1
18.84 0.25 pt 3.0  2:66 G?
9CJ2352+3035 23:52:07.1 30:35:42 C 23.6 0.5 34.7 0.7 { { 38.9 1.9 31.0 1.2 21.1 2.1 U
1
17.70 0.25 pt 3.0 1.67 G?
9CJ2353+3136 23:53:19.5 31:36:17 C 38.7 0.5 34.9 0.6 { { 54.9 2.0 138.9 0.9 56.7 5.4 U
1
19.90 0.29 pt 2.40 1.43 Q?
9CJ2358+2402 23:58:34.6 24:02:00 C 3.6 0.5 7.0 0.5 { { 12.2 0.8 14.4 1.5 12.0 3.0 U
1
21.60 0.56 pt 1.80   0:10 G?
9CJ2359+3543 23:59:18.2 35:43:45 C 19.0 0.4 32.3 0.7 { { 32.7 1.3 34.8 1.0 22.7 2.3 U
1
18.09 0.25 pt 2.40 0.63 Q?
9CJ2359+2352 23:59:39.3 23:51:59 C 13.3 0.5 44.5 0.8 { { 45.9 2.0 28.3 1.3 29.9 3.0 U
1
20.71 0.27 pt 1.49  0:79 G?
